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VHH7DEOH%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D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 DQG  ZLWK DVVRFLDWHGSDUDPHWHUD,ID !DJJORPHUDWLRQIRUFHVDUHSUHVHQWDQGGHVWLQDWLRQVLQFORVHSUR[LPLW\WRRWKHUGHVWLQDWLRQVDUHPRUHDWWUDFWLYH,ID FRPSHWLWLRQHIIHFWVDUHSUHVHQWLPSO\LQJWKDWGHVWLQDWLRQV

LQFORVHSUR[LPLW\ WRRWKHUGHVWLQDWLRQVDUH OHVVDWWUDFWLYH)LQDOO\ LID  KLHUDUFKLFDOGHFLVLRQPDNLQJLVQRWUHOHYDQWLQH[SODLQLQJGHVWLQDWLRQFKRLFH
(PSLULFDOPRGHODQGHPSLULFDOVWUDWHJ\6HYHUDOFKRLFHVVWLOOQHHGWREHPDGHLQRUGHUWRDUULYHDWDIHDVLEOHHPSLULFDOPRGHO7KHILUVWFKRLFHUHODWHVWRWKHFHQWUDOLW\LQGH[:HRSHUDWLRQDOL]H3PPHDVXULQJWKHDWWUDFWLYHQHVVRIHDFKGHVWLQDWLRQE\PHDQVRIWKHWRWDOQXPEHURIVWXGHQWVDWHDFKXQLYHUVLW\)LJVKRZVWKHFRPSXWHGYDOXHVIRUWKHFHQWUDOLW\ LQGH[7KHXQLYHUVLWLHV LQ'HOIW 78'/HLGHQ/(,DQG5RWWHUGDP(85DUH WKHPRVWFHQWUDOXQLYHUVLWLHVZKHUHDV WKH OHDVWFHQWUDOXQLYHUVLWLHVDUH ORFDWHG LQ*URQLQJHQ 58*7ZHQWH87DQG0DDVWULFKW80
y )LJDERXWKHUH{
7KHVHFRQGFKRLFHUHODWHVWRWKHVSDWLDOVHSDUDWLRQPHDVXUHWREHXVHG'LVWDQFHWUDYHOWLPHDQGWUDYHO FRVW DUH DOO SRWHQWLDO VHSDUDWLRQ PHDVXUHV GLVWLQJXLVKLQJ WKH µGLVWDQFH¶ EHWZHHQ RULJLQ DQGGHVWLQDWLRQUHJLRQV,QJHQHUDOWKHORQJHUWKHGLVWDQFHWRWKHXQLYHUVLW\WKHKLJKHUWKHILQDQFLDODQGVRFLDOFRVW VWXGHQWVH[SHULHQFH6WXGHQWVZKRGHFLGH WRPRYHGRQRWRQO\IDFHSHFXQLDU\FRVWVEXWDOVRFRVWVDVVRFLDWHGZLWKWKHHVWDEOLVKPHQWRIQHZVRFLDODQGLQWHUSHUVRQDOUHODWLRQV 7KHILQDQFLDOFRVWRI HQWHULQJ WKHXQLYHUVLW\ V\VWHP LQFOXGHV DPRQJRWKHU WKLQJV WUDYHO FRVW IRUFRPPXWHUVDQGPRYLQJDQGKRXVLQJFRVWIRUWKRVHZKRUHORFDWH$V'XWFKVWXGHQWVGRQRWFDUU\WKHPRQHWDU\EXUGHQRIWUDYHOOLQJEHFDXVHRIWKHIUHHWUDYHOSHUPLWDQGEHFDXVHWKH\DUHDOOHOLJLEOHIRUVWXGHQWVXSSRUWZHUHIUDLQIURPXVLQJWUDYHOFRVWDVWKHVSDWLDOVHSDUDWLRQPHDVXUH7KH UHVXOWLQJ FKRLFH EHWZHHQ WUDYHO WLPH DQG GLVWDQFH LV JRYHUQHG E\ YDULRXV FRQVLGHUDWLRQVPDNLQJWKDWLQWKHHQGZHGHFLGHGWRXVHPHUHGLVWDQFH)LUVWWKHFKRLFHRIDWUDQVSRUWDWLRQPRGHRUD FRPELQDWLRQRIPRGHV IRUZKLFK WUDYHO WLPHZRXOGKDYH WREH FRPSXWHG LVQRW VWUDLJKWIRUZDUG3XEOLFWUDQVSRUWDWLRQLVSURYLGHGIUHHRIFKDUJHEXWVWXGHQWVPD\VWLOOGHFLGHWRXVHWKHLUSULYDWHFDURU WKHLU ELF\FOH WKH ODWWHU FRQVWLWXWLQJ WKH WUDGLWLRQDO PHDQV RI WUDQVSRUWDWLRQ RI 'XWFK VWXGHQWV6HFRQGQR UHOLDEOH WUDYHO WLPHGDWDFDQEHREWDLQHGIRU WUDYHOE\ELF\FOH7KLUG .-(//675g0 DQG5(*1e5  VKRZ WKDW XVLQJ WUDYHO WLPH E\ FDU DV FRPSDUHG WR D VLPSOH SK\VLFDO GLVWDQFHPHDVXUHGRHVQRWLQFUHDVHWKHH[SODQDWRU\SRZHURIWKHPRGHO)LQDOO\5,(79(/' HWDO VKRZWKDW WKH FRUUHODWLRQ EHWZHHQ WUDYHO WLPH DQG GLVWDQFH LV IDLUO\ KLJK 7KHUHIRUH GLM UHIHUV WR URDGGLVWDQFHVLQWKHUHPDLQGHURIWKLVVWXG\$ILQDOFKRLFHFRQFHUQVWKHIXQFWLRQDOIRUPRIWKHGLVWDQFHGHFD\IXQFWLRQKGLMLQHTXDWLRQVDQG6LQFHZHH[SHFWORQJGLVWDQFHVWRGRPLQDWHZHHQWHUGLVWDQFHLQWKHJUDYLW\PRGHOE\PHDQVRIDSRZHUIRUPGHWHUUHQFHIXQFWLRQ ELMLM GGK   )27+(5,1*+$0 DQG2¶.(//<SSREVHUYH WKDW WKHUH LV DFWXDOO\ ³D UHDVRQDEOHZLGHVSUHDG FRQVHQVXV WKDW WKH H[SRQHQWLDO IXQFWLRQ LV













M LMLM GQGZQZ6Q6 HED ¸̧¹·¨̈©§ ¸̧¹·¨̈©§   ¦¦¦¦      OQOQOQOQOQOQ 
ZKHUH 1a HVH LM LVDUDQGRPHUURUWHUPWKDWFDSWXUHVQHWZRUNYDULDEOHVQRWH[SOLFLWO\LQFOXGHGLQWKHPRGHOVSHFLILFDWLRQ7KHPRGHO LQ HTXDWLRQ  LV WKHEDVLVRI WKHHPSLULFDO VWUDWHJ\ WREH LPSOHPHQWHG LQ WKHQH[WVHFWLRQ,QLWLDOO\WKHPRGHOLVFDOLEUDWHGZLWKERWKXQLYHUVLW\FKDUDFWHULVWLFVDQGDVSHFWVUHODWHGWRWKHXQLYHUVLW\¶VORFDWLRQDVUHJUHVVRUV:HUHIHUWRWKLVPRGHODVWKHµEDVHOLQHPRGHO¶%HFDXVHWKHXQLWRIDQDO\VLVLVDUDWKHUDUELWUDULO\GHOLQHDWHGDGPLQLVWUDWLYHUHJLRQVSDWLDOHIIHFWVPD\EHSUHVHQWLQWKHGDWDVHHIRULQVWDQFH)/25$; DQG1,-.$03 IRUPRUHGHWDLOVRQVSDWLDOHIIHFWV6XEVHTXHQWO\ZHFRUUHFWIRUVSDWLDOKHWHURJHQHLW\E\HVWLPDWLQJWKHVDPHPRGHOLQFOXGLQJRULJLQVSHFLILFGLVWDQFHFRHIILFLHQWV L )LQDOO\ EHFDXVH WKH HGXFDWLRQDO VFRSH RI WKH XQLYHUVLW\ PD\ EH UHOHYDQW LQ WKHGHFLVLRQPDNLQJ RI VWXGHQWV ZH DOVR FDOLEUDWH WKH VDPH PRGHO ZLWK XQLYHUVLW\VSHFLILF GLVWDQFHSDUDPHWHUV M7KLVHQDEOHVXVWRGLVWLQJXLVKEHWZHHQXQLYHUVLWLHVZLWKDUDWKHUORFDOFDWFKPHQWDUHDDQG QDWLRQZLGH XQLYHUVLWLHV ZLWK XQLTXH WHDFKLQJ SURJUDPPHV HLWKHU DFFRUGLQJ WR VXEMHFW RU WRHGXFDWLRQDOSKLORVRSK\
'DWDVRXUFHVDQGYDULDEOHGHVFULSWLRQ7KH VSDWLDO OHYHO RI DJJUHJDWLRQ LV WKH &2523OHYHO ZLWK  UHJLRQV ZKLFK LV HTXLYDOHQW WR WKH(XURSHDQ 1876,,, OHYHO )LJ  VKRZV WKH ORFDWLRQ RI XQLYHUVLWLHV DQG WKH SHUFHQWDJH ILUVW \HDUXQLYHUVLW\ VWXGHQWV DV WR WKH WRWDO QXPEHURIXQLYHUVLW\ HQWUDQWV DFFRUGLQJ WR UHJLRQRIRULJLQ ,W LVHDVLO\YHULILHGWKDWXQLYHUVLW\ UHJLRQVRQDYHUDJHFRQWULEXWHPRUHWRWKHQDWLRQDOGHPDQGIRUILUVW\HDUXQLYHUVLW\ HGXFDWLRQ WKDQ QRQXQLYHUVLW\ UHJLRQV +RZHYHU WKLV LV REYLRXVO\ FRQIRXQGHG ZLWKSRSXODWLRQGHQVLW\HVSHFLDOO\LQWKHGHQVHO\SRSXODWHG(DVW:HVWEDQGLQWKHPLGGOHRIWKHFRXQWU\

LQZKLFKWKHPDMRUFLW\FRQXUEDWLRQVRI$PVWHUGDP5RWWHUGDP8WUHFKW$UQKHPDQG1LMPHJHQDUHORFDWHG)LJSUHVHQWVUHJLRQDOSDUWLFLSDWLRQUDWHVGHILQHGDVWKHQXPEHURIILUVW\HDUHQWUDQWVSHU LQ WKH SRSXODWLRQ ,W VKRZV WKDW WKH VSDWLDO GLVWULEXWLRQ LV IDLUO\ XQLIRUP DERXW WKH PHDQSDUWLFLSDWLRQRIWKHVWDQGDUGGHYLDWLRQLV7KHDUHDVZLWKWKHKLJKHVWSDUWLFLSDWLRQUDWHVDUH WKHQRUWKHUQSDUWRI WKH5DQGVWDGDUHDDQGWKHKLQWHUODQGRIWKHFLW\RI*URQLQJHQ5HPDUNDEO\HQRXJKWKHPHWURSROLWDQDUHDVRI$PVWHUGDPDQG5RWWHUGDPKDYHDUHODWLYHO\ORZSDUWLFLSDWLRQUDWH
y )LJDQGDERXWKHUH{
,QVWHDGRIWKHDERYHUHJLRQDOSHUVSHFWLYHWKHLQVWLWXWLRQDOSHUVSHFWLYHFHQWULQJRQXQLYHUVLWLHVDVWKHXQLW RI REVHUYDWLRQ LV UHOHYDQW DV ZHOO )LJ  WKHUHIRUH JLYHV WKH PDUNHW VKDUH GHILQHG DV WKHSHUFHQWDJHRIILUVW\HDU VWXGHQWVDVWRWKHWRWDOQXPEHURIILUVW\HDUVWXGHQWVRIHDFKLQVWLWXWLRQ7KH)LJXUHVKRZVWKDWWKHWUDGLWLRQDOIXOOIOHGJHGXQLYHUVLWLHVKDYHWKHODUJHVWPDUNHWVKDUHVZKHUHDVWKHVSHFLDOLVHG WHFKQLFDO XQLYHUVLWLHV 78'78( DQG87 WKH DJULFXOWXUDO XQLYHUVLW\ :85 DQG WKHPRUHUHFHQWO\HVWDEOLVKHGXQLYHUVLWLHVFRYHULQJDOLPLWHGQXPEHURIGLVFLSOLQHV.8%DQG80REWDLQWKHVPDOOHVWPDUNHWVKDUHV7KHPDUNHWVKDUHVDUHJHQHUDOO\KLJKO\FRUUHODWHGZLWKWKHRYHUDOOVL]HRIWKHXQLYHUVLW\LQWHUPVRIWKHQXPEHURIVWXGHQWV
y )LJDERXWKHUH{
7KH1HWKHUODQGVKDVIXQGHGXQLYHUVLWLHVRQHGHVLJQDWHGXQLYHUVLW\DQGWKH2SHQ8QLYHUVLW\7KH PDLQ GLIIHUHQFH EHWZHHQ WKH GHVLJQDWHG LQVWLWXWLRQ DQG WKH IXQGHG LQVWLWXWLRQV LV WKDW WKHGHVLJQDWHGLQVWLWXWLRQLVSULYDWHO\IXQGHGDQGQRWHOLJLEOHIRUSXEOLFIXQGLQJ*LYHQGDWDDYDLODELOLW\ZHRQO\FRQVLGHUWKHIXQGHGLQVWLWXWLRQVZLWKWKHJHRJUDSKLFDOORFDWLRQVDVSURYLGHGLQ)LJ7KHPRGHOFDOLEUDWLRQLVWKXVEDVHGRQ îIORZVFRUUHVSRQGLQJWRDOOSRVVLEOHIORZVEHWZHHQHDFKRIWKHUHJLRQVRIRULJLQDQGWKHXQLYHUVLW\UHJLRQV)RUPRVW RI WKH YDULDEOHV GDWD DUHREWDLQHG IRU WKH\HDUE\FRPELQLQJ LQIRUPDWLRQ IURPYDULRXV GDWDVHWV $ FURVVVHFWLRQ GDWDVHW IRU ILUVWWLPH XQLYHUVLW\ HQWUDQWV ERXJKW IURP WKH&HQWUDO2IILFHIRU+LJKHU(GXFDWLRQ$SSOLFDWLRQ,%*,QIRUPDWLH%HKHHU*URHSLVFRPELQHGZLWKUHJLRQDOLQIRUPDWLRQ RQ XQLYHUVLW\ UHJLRQV IURP 6WDWLVWLFV 1HWKHUODQGV &%6 &HQWUDDO %XUHDX YRRU GH6WDWLVWLHN DQG FKDUDFWHULVWLFV RI WKH XQLYHUVLWLHV PDGH DYDLODEOH E\ WKH $VVRFLDWLRQ RI 'XWFK8QLYHUVLWLHV 9618 9HUHQLJLQJ YDQ 6DPHQZHUNHQGH 1HGHUODQGVH 8QLYHUVLWHLWHQ 7KH XQLYHUVLW\DWWULEXWHVWKDWZHQHHGWRFRQVWUXFWWKHXQLYHUVLW\TXDOLW\LQGH[DUHWDNHQIURPWKH(/6(9,(5 VXUYH\7DEOHVKRZVWKHGHVFULSWLYHVWDWLVWLFVIRU WKHFRQWLQXRXVYDULDEOHVXVHG LQ WKHDQDO\VLVDVZHOODVWKHK\SRWKHVLVHGGLUHFWLRQRIWKHHIIHFWV
y 7DEOHDERXWKHUH{

7KHGDWDVHWRQILUVW\HDUDSSOLFDQWVLQFOXGHVDOOVWXGHQWVZKRUHJLVWHUDWDXQLYHUVLW\IRUWKHILUVWWLPHLQ6WXGHQWVZKRWUDQVIHUWRDQRWKHUKLJKHUHGXFDWLRQLQVWLWXWLRQRUFKDQJHVWXG\SURJUDPDWWKHVDPHXQLYHUVLW\DUHH[FOXGHGIURPWKHDQDO\VLV7KHGDWDVHWFRQWDLQVLQIRUPDWLRQRQJHQGHUWKHVWXGHQW¶VUHVLGHQFHDWWKHPRPHQWRIDSSOLFDWLRQDQGWKHXQLYHUVLW\WRZKLFKKHRUVKHDSSOLHV:HXVHWKHGDWDWRFDOFXODWHWKHQXPEHURIIORZVRISURVSHFWLYHVWXGHQWVEHWZHHQWKHUHJLRQRIRULJLQDQGWKHXQLYHUVLW\UHJLRQV7KHXOWLPDWHGDWDVHWFRQWDLQVLQGLYLGXDOPRYHPHQWVDVVLJQHGWRîFHOOV RI WKH IORZPDWUL[ 2QO\ HLJKW FHOOV KDYH ]HUR PRYHPHQWV  LV WKH ODUJHVW IORZ DQG WKHDYHUDJHVL]HRIWKHIORZVLV6LQFH6LM LQHTXDWLRQPXVWEHSRVLWLYHZHDGGHGRQHWRWKH]HURIORZVEHFDXVHWKHIORZVUHFRUGHGDUHJHQHUDOO\LQWHJHUDQGRQHLVWKHFORVHVWDSSUR[LPDWLRQWR]HUR)27+(5,1*+$0 DQG2¶.(//<S:HRSHUDWLRQDOL]HWKHGLVWDQFHLPSHGLPHQWYDULDEOHZLWKGLVWDQFHRYHUWKHURDGIURPHDFKUHJLRQWRHDFKXQLYHUVLW\DVPHDVXUHGEHWZHHQWKHUHJLRQDOIRFLZLWKWKHKLJKHVWSRSXODWLRQGHQVLW\LQHDFK&2523UHJLRQ,QWUD]RQDOGLVWDQFHVDUHFRPSXWHGDV SSS  LL VG  ZKHUHVL LVWKHDUHDRIUHJLRQLPHDVXUHGLQVTXDUHGPHWHUVVHH5,(79(/'DQG %58,160$DOWKRXJKVWULFWO\VSHDNLQJWKHIRUPXODDVVXPHVWKDWUHJLRQVDUHFLUFXODUDQGDOO]RQHVDUHHTXDOO\LQWHQVLYHO\XVHG )ROORZLQJWKHUHVXOWVRIHDUOLHUVWXGLHVZHH[SHFWGLVWDQFHWRGHWHUVWXGHQWPRELOLW\RYHUVSDFH,QDGGLWLRQ WRGLVWDQFHZHPDNHXVHRI ILYHDGGLWLRQDOH[SODQDWRU\ YDULDEOHV WKHTXDOLW\RI WKHXQLYHUVLW\LQSDUWLFXODU LWV WHDFKLQJSURJUDPPH WKHQXPEHURISURJUDPPHVRIIHUHGWKHFHQWUDOLW\LQGH[GLVFXVVHGDERYHWKHOHYHORIXUEDQLVDWLRQDQGDQDSDUWPHQWUHQWYDULDEOH5HWXUQV WRHGXFDWLRQDOTXDOLW\DQGSUHVWLJH RIDVFKRRO LVXVXDOO\DVVHVVHG WKURXJKWKHVWXGHQWWHDFKHU UDWLR DYHUDJH VWXGHQWV SHU FODVV RU SHU VFKRRO VWXGHQWV¶ SHUIRUPDQFH DV PHDVXUHG E\VWDQGDUGL]HG WHVWV HWFHWHUD &+(&&+, DQG -$33(//,  $OWKRXJK WKH VWXGHQWWHDFKHU UDWLR LVDYDLODEOH IRU WKH 'XWFK XQLYHUVLW\ VHFWRU ZH DOVR WU\ WR H[WUDFW GDWD IURP D EURDGHU VSHFWUXP RILQIRUPDWLRQRQWKHTXDOLW\RIHGXFDWLRQDOXQLYHUVLW\SURJUDPPHVIURPDQDQQXDOVXUYH\FRQGXFWHGE\ZHHNO\PDJD]LQH(/6(9,(5  ,QVWXG\SURJUDPPHVZHUHHYDOXDWHG IRU WKH(OVHYLHUUDQNLQJE\LQWHUYLHZLQJDVWUDWLILHGVDPSOHRIDERXWXQLYHUVLW\VWXGHQWV7KHUHVSRQGHQWVZHUHDVNHG WRJLYHSRLQWV IURP IRUH[WUHPHO\SRRU WR IRUH[WUHPHO\JRRG WR WKHTXDOLW\RI WKHLUDFDGHPLF VWXGLHVZLWK UHVSHFW WR WHDFKLQJ IDFLOLWLHV FRPSXWHU URRPV VHDW DYDLODELOLW\ FXUULFXOXPWRSLFVLQWKHSURJUDPDQGLWVUHOHYDQFHWXWRUVDQGOHFWXUHVVXSHUYLVLRQRIILFHKRXUVOHFWXUHVDQGV\OODEXV TXDOLW\ WHDFKLQJ TXDOLW\ UHVHDUFK VNLOOV OHFWXUHV H[DPLQDWLRQ FRQQHFWLRQ EHWZHHQOHFWXUHV VWXG\PDWHULDOV DQG H[DPV DQG FRPPXQLFDWLRQ EHWZHHQ WKH VFKRRO DQG WKH VWXGHQW:HFRPELQH WKH VFRUHV RQ WKH DWWULEXWHV LQ D FRPSRVLWH RYHUDOO LQGH[ IRU HGXFDWLRQDO TXDOLW\ RI WKHXQLYHUVLW\
  ¸̧¹·¨̈©§  .N \\M NNN NNNHH4    VP VP  

ZKHUH\N DUHGLIIHUHQWXQLYHUVLW\DWWULEXWHVDQGPN DQGVN DUHWKHPHDQDQGWKHVWDQGDUGGHYLDWLRQRIHDFKDWWULEXWHUHVSHFWLYHO\,QRUGHUWRDVVHVVZKHWKHUWKHXVHRIWKHTXDOLW\LQGH[ZLOOOHDGWRYDOLGFRQFOXVLRQVZHSHUIRUPWZR FURVVYDOLGDWLRQ FKHFNV )LUVWZH SORW WKH LQGH[4M DJDLQVW WKH VWXGHQWWHDFKHU UDWLRZKLFK LVIUHTXHQWO\ XVHG DV D TXDOLW\ LQGLFDWRU $V VKRZQ LQ )LJ  ZH RQO\ ILQG D QHJDWLYH UHODWLRQVKLSEHWZHHQ WKH TXDOLW\ LQGH[ DQG WKH VWXGHQWWHDFKHU UDWLR LI ZH H[FOXGH WKH RXWOLHU :DJHQLQJHQ$JULFXOWXUDO8QLYHUVLW\DQG5HVHDUFK&HQWUH,QWKDWFDVHWKHFRUUHODWLRQEHWZHHQWKHTXDOLW\LQGH[DQG WKH VWXGHQWWHDFKHU UDWLR LV ± 6HFRQG ZH UHJUHVV WKH TXDOLW\ LQGH[ RQ WKH UHPDLQLQJH[RJHQRXV YDULDEOHV RI WKH JUDYLW\ PRGHO LQFOXGLQJ D FRQVWDQW DQG ILQG WKDW WKH FRQVWDQW LV QRWVLJQLILFDQWO\ GLIIHUHQW IURP ]HUR EXW WKH RWKHU YDULDEOHV DUH 0RUHRYHU WKH ELYDULDWH FRUUHODWLRQFRHIILFLHQWVDPRQJWKHH[SODQDWRU\YDULDEOHVLQGLFDWHWKDWWKHTXDOLW\LQGH[LVKLJKO\FRUUHODWHGZLWKWKH FHQWUDOLW\ LQGH[ U   ±ZKLFKPD\ OHDG WR FROOLQHDULW\ SUREOHPV LQ WKH HVWLPDWLRQ RI WKHUHJUHVVLRQPRGHO7KHFRUUHVSRQGLQJFRUUHODWLRQZLWKWKHVWXGHQWWHDFKHUUDWLRLVVXEVWDQWLDOO\ORZHUU    $V D UHVXOW RI WKH WZR YDOLGLW\ FKHFNV WKHUH PD\ EH VRPH GRXEW DV WR ZKHWKHU WKHPXOWLGLPHQVLRQDOTXDOLW\LQGLFDWRULVIXOO\DSSURSULDWHDQGZKHWKHULWLVIHDVLEOHWRXVHLWDORQJZLWKKLJKO\ FRUUHODWHG FRYDULDWHV:H WKHUHIRUH HVWLPDWH WKHPRGHOV XVLQJ HLWKHU WKH FRPSRVLWH TXDOLW\LQGH[RUWKHVWXGHQWWHDFKHUUDWLRDVDQLQGLFDWRUIRUWKHTXDOLW\RIWHDFKLQJSURJUDPPHV
y )LJDERXWKHUH{
7KH H[SHFWHG VLJQRI WKHTXDOLW\YDULDEOH LV DSULRULXQFOHDU6RPH VWXGLHVKDYHGRFXPHQWHGDSRVLWLYHHIIHFWRI VFKRROTXDOLW\RQ WKH UDWHRI UHWXUQ WRHGXFDWLRQDQGHPSOR\DELOLW\)RU LQVWDQFH%5(:(5HWDO ILQGWKDWDWWHQGLQJDQ HOLWHSULYDWHFROOHJHKDVDVLJQLILFDQWHFRQRPLFUHWXUQ$VD FRQVHTXHQFH RQH ZRXOG H[SHFW WKDW LI VWXGHQWV¶ FKRLFH EHKDYLRXU LV JRYHUQHG E\ LQYHVWPHQWPRWLYHVHGXFDWLRQDOTXDOLW\LVLPSRUWDQWDQGKHQFHVKRZVXSZLWKDSRVLWLYHVLJQ7KHUHLVHYLGHQFHDVZHOOKRZHYHU WKDWSUHVWLJHZKLFKLVVWURQJO\FRUUHODWHGZLWKXQLYHUVLW\TXDOLW\H[SODLQVRQO\DVPDOOSDUWRIILUVWWLPHXQGHUJUDGXDWHPLJUDWLRQ$%%277 DQG6&+0,' 0RUHRYHU0&&$11DQG6+(33$5' D ILQGWKDWTXDOLW\GLIIHUHQWLDOVDPRQJXQLYHUVLWLHVDUHQRWVLJQLILFDQWO\GLIIHUHQWIURP]HURLQWKHLUPRGHOSHUWDLQLQJWR6FRWWLVKVWXGHQWV1H[WWRXQLYHUVLW\TXDOLW\ZHFRQVLGHUWZRRWKHUXQLYHUVLW\UHODWHGYDULDEOHVLQWKHDQDO\VLV2QHLV WKHQXPEHURIVWXG\SURJUDPPHVSHUXQLYHUVLW\ LQRUGHU WRDFFRXQWIRUHFRQRPLHVRIVFRSH7KHGDWDZHUHSURYLGHGE\9618DQGZHH[SHFWWKLVYDULDEOHWRKDYHDSRVLWLYHLPSDFWRQVWXGHQWIORZV DOWKRXJK WKH FDXVDOLW\ FDQ DFWXDOO\ EH UHYHUVH DV ZHOO 7KH RWKHU LV WKH FHQWUDOLW\ LQGH[DOUHDG\ GLVFXVVHG DERYH 7KHUH LV QR D SULRUL H[SHFWDWLRQ RQ ZKHWKHU WKH DJJORPHUDWLRQ RU WKHFRPSHWLWLRQHIIHFWLVGRPLQDQWRUWKDWKLHUDUFKLFDOGHFLVLRQPDNLQJLVDFWXDOO\LUUHOHYDQW$SDUWIURPWKHXQLYHUVLW\UHODWHGYDULDEOHV ZHLQFOXGHWZRYDULDEOHVWKDWDUHLQGLFDWLYHRIVDOLHQWFKDUDFWHULVWLFVRIWKHXQLYHUVLW\UHJLRQV,WKDVEHHQVKRZQWKDWORFDWLRQVSHFLILFDPHQLWLHVDQGFRVWRI

OLIHGLIIHUHQWLDOVDUHLPSRUWDQWGHWHUPLQDQWVRIPLJUDWLRQ*+$7$. HWDO:HWKHUHIRUHLQFOXGHDQXUEDQLVDWLRQ LQGH[DGRSWHG IURP&%6DEDVDSUR[\ IRUFXOWXUDODQGVRFLDOGLYHUVLW\RIXQLYHUVLW\UHJLRQV:HH[SHFWWKHXUEDQLVDWLRQLQGH[ZKLFKKDVEHHQRSHUDWLRQDOL]HGDVSRSXODWLRQGHQVLW\WRKDYHDSRVLWLYHVLJQ)RUODFNRIUHOLDEOHUHJLRQDOGDWDRQFRQVXPHUSULFHVZHLQFRUSRUDWHRQO\ RQH YDULDEOH DV DQ LQGLFDWRU IRU FRVW RI OLIH GLIIHUHQWLDOV $PDMRU SDUW RI VWXGHQW EXGJHWV LVW\SLFDOO\VSHQWRQKRXVLQJ$VUHQWDOUDWHVIRUVWXGHQWDSDUWPHQWVDQGVWXGHQWURRPVDUHSDUWLFXODUO\FXPEHUVRPHWRDWWDLQZHXVHGDWDRQWKHVRFDOOHGEDVLFUHQWIRUKRXVHVREWDLQHGIURP&%6FDVWKHEHVWSUR[\:HH[SHFWUHQWDOUDWHVWREHQHJDWLYHO\FRUUHODWHGZLWKVWXGHQWPRELOLW\
0$,1),1',1*6$1'',6&866,21,Q WKLV VHFWLRQZH SUHVHQW WKH HVWLPDWLRQ UHVXOWV IRU WKH RSHUDWLRQDO SURGXFWLRQFRQVWUDLQHG JUDYLW\PRGHOJLYHQLQDERYH:HHPSOR\WZRGLIIHUHQWSHUVSHFWLYHVZLWKWKHILUVWIRFXVVLQJRQUHJLRQDOGLIIHUHQFHVLQWKHGLVWDQFHGHWHUUHQFHHIIHFWDQGWKHVHFRQGKDYLQJDQLQVWLWXWLRQDO SHUVSHFWLYHZLWKFRQFXUUHQWDWWHQWLRQIRUWKHH[WHQWWRZKLFKXQLYHUVLWLHVVHUYHDQDWLRQDORUDUHJLRQDOPDUNHW:LWKLQHDFKSHUVSHFWLYHWKHTXDOLW\RIHGXFDWLRQDOSURJUDPPHVLVRSHUDWLRQDOL]HGXVLQJHLWKHUWKHFRPSRVLWHTXDOLW\ LQGH[ RU WKH VWXGHQWWHDFKHU UDWLR 7KH UHVXOWV DUH SUHVHQWHG ZLWK:KLWHDGMXVWHG VWDQGDUGHUURUV EHFDXVH WKH%UHXVFK3DJDQKHWHURVNHGDVWLFLW\ WHVW HYDOXDWHGXVLQJ WKHRUGLQDU\ OHDVW VTXDUHHVWLPDWRULVSHUVLVWHQWO\UHMHFWHG
5HJLRQDOSHUVSHFWLYH:HVKRZ WKH HVWLPDWLRQ UHVXOWV IRU WKHEDVHOLQHPRGHOV LQ WKUHH FROXPQV LQ7DEOH7KHVLPSOHVWSURGXFWLRQFRQVWUDLQHGJUDYLW\PRGHOPHUHO\LQFOXGHVGLVWDQFHEHWZHHQWKHVWXGHQWV¶UHJLRQRIRULJLQDQG WKHXQLYHUVLW\UHJLRQDVGHVWLQDWLRQDQGLVJLYHQLQWKHOHIWKDQGFROXPQXQGHU6SHFLILFDWLRQ,&RQIRUPLQJ WR WKHRUHWLFDO H[SHFWDWLRQV GLVWDQFH KDV D QHJDWLYH HIIHFW RQ VWXGHQWPRYHPHQWV RYHUVSDFH+LJKHU GLVWDQFHV GHWHU VWXGHQWV IURP JRLQJ WR WKRVH XQLYHUVLWLHV '(6-$5',16 HW DO DUJXHWKLVFDQEHGXHWRVWXGHQWVKDYLQJDEHWWHU NQRZOHGJHRIQHDUE\XQLYHUVLWLHVVRFLDOLVLQJZLWKIULHQGV DQG IDPLO\ UHPDLQV IHDVLEOH DW FORVHE\ LQVWLWXWLRQV DQG FRVWVPD\ EH ORZHU LQ SDUWLFXODUEHFDXVHWKHUHPD\EHQRQHHGWRDFTXLUHLQGHSHQGHQWKRXVLQJ
y 7DEOHDERXWKHUH{
7KHGLVWDQFHGHWHUUHQFHHIIHFWLVUREXVWLQVLJQDQGPDJQLWXGHDFURVVGLIIHUHQWVSHFLILFDWLRQVVHHVSHFLILFDWLRQV,,DQG,,,LQ7DEOHZKLFKLQFOXGHWKHRWKHUFRYDULDWHVZLWKHLWKHUWKHFRPSRVLWHLQGH[6SHFLILFDWLRQ ,, RU WKH VWXGHQWWHDFKHU UDWLR 6SHFLILFDWLRQ ,,, IRU WKH TXDOLW\ RI HGXFDWLRQDOSURJUDPPHV 6WXGHQWV DUH DWWUDFWHG E\ ORFDOO\ DQG UHJLRQDOO\ VXSSOLHG DPHQLWLHV IRU OHLVXUH DQGVRFLDOLVLQJDVRSHUDWLRQDOL]HGE\WKHOHYHORIXUEDQLVDWLRQ7KHRXWVWDQGLQJILQGLQJUHIHUVKRZHYHUWRWKHPDJQLWXGHRIWKHUHQWHODVWLFLW\ZKLFKLVKLJKO\HODVWLFDWDOHYHORIDSSUR[LPDWHO\±LQWKH

VSHFLILFDWLRQ WKDW LV OHDVW VXVSHFW WRPXOWLFROOLQHDULW\SUREOHPV 6SHFLILFDWLRQ ,,,0RVW OLNHO\ WKLVUHVXOW UHIOHFWV WKH UHODWLYH LPSRUWDQFH RI UHQW LQ WKH EXGJHW RI 'XWFK XQLYHUVLW\ VWXGHQWV 7KHPDJQLWXGH RI WKH HVWLPDWHG UHQW HODVWLFLW\ RYHUULGHV DOO RWKHU HVWLPDWHG HODVWLFLWLHV RI K\SRWKHVLVHGHIIHFWV$VDQHPSLULFDOEDFNJURXQGRIWKLVUHVXOW LW LV LPSRUWDQWWRQRWHWKDW WKHPDUNHWIRUVWXGHQWUHVLGHQFHVLVWLJKWLQVHYHUDOXQLYHUVLW\FLWLHV+LJKUHQWVPD\WKHUHIRUHEHDSUR[\IRUORQJZDLWLQJOLVWVWKDWGLVFRXUDJHVWXGHQWVWRPRYHWRWKHVHFLWLHV2I WKH LQVWLWXWLRQDO YDULDEOHV WKH VFRSH RI WKH XQLYHUVLW\ LQ WHUPV RI WKH QXPEHU RI DYDLODEOHWHDFKLQJ SURJUDPPHV LV VLJQLILFDQW LPSO\LQJ VWXGHQWV DUH DWWUDFWHG E\ XQLYHUVLWLHV ZLWK D PRUHGLYHUVH FRXUVHZDUH 6XUSULVLQJO\ ZH ILQG D QHJDWLYH HIIHFW IRU WKH TXDOLW\ RI WKH WHDFKLQJSURJUDPPHVRSHUDWLRQDOL]HGZLWKWKHFRPSRVLWHTXDOLW\LQGH[ 4XDOLW\DVPHDVXUHGE\WKHVWXGHQWWHDFKHUUDWLRGRHVKDYHWKHFRUUHFWVLJQEXWLWLVQRWVLJQLILFDQWO\GLIIHUHQWIURP]HUR7KHVHILQGLQJVDUH DQ LQGLFDWLRQ IRU FRQVXPSWLRQ PRWLYHV UDWKHU WKDQ LQYHVWPHQW PRWLYHV GRPLQDWLQJ WKH FKRLFHEHKDYLRXURIWKH1HWKHUODQGV¶VWXGHQWVZKLFKLVDWRGGVZLWKZKDWKDVEHHQIRXQGLQWKHOLWHUDWXUHVHH0,;21 DE0,;21 DQG+6,1* D DQG212 $SDUWLDO H[SODQDWLRQ IRU WKLVILQGLQJGHULYHVIURPWKHUHODWLYHO\VPDOOGLIIHUHQFHVLQWKHTXDOLW\RIXQLYHUVLWLHVLQ7KH1HWKHUODQGVGXHWRDORQJHJDOLWDULDQWUDGLWLRQLQHGXFDWLRQ7KHODWWHUFRQWULEXWHVWRDUDWKHUXQLIRUPTXDOLW\RIKLJKVFKRROJUDGXDWHVEXWLWDOVRVWLPXODWHVWKHSUHYDOHQFHRIDUDWKHUXQLIRUPV\VWHPRIXQLYHUVLW\HGXFDWLRQZLWKUHODWLYHO\ORZDQGLQVWLWXWLRQDOO\XQLIRUPWXLWLRQIHHVDQGDKRPRJHQHRXVV\VWHPRIXQLYHUVLW\EXGJHWLQJE\WKHQDWLRQDOJRYHUQPHQW)LQDOO\WKHQHJDWLYHDQGVLJQLILFDQWHIIHFWRIWKHFHQWUDOLW\LQGH[UHYHDOVWKDWVWXGHQWV¶FKRLFHVDUHPDGHLQDKLHUDUFKLFDOIDVKLRQDQGVXJJHVWWKHSUHVHQFHRIDQLQVWLWXWLRQDOFRPSHWLWLRQHIIHFW+HQFHDJJORPHUDWLRQHIIHFWV UHVXOWLQJIURPVSDWLDOFOXVWHULQJLQWKHORFDWLRQRIXQLYHUVLWLHVVXFKDVLQWKH5DQGVWDG DUHD DUH QHJDWLYH EHFDXVH WKH\ DUH LQFRUSRUDWHG LQ WKH VWXGHQWV¶ FKRLFH EHKDYLRXU DVFRPSHWLWLRQDPRQJSUR[LPDWHLQVWLWXWLRQV
y )LJDERXWKHUH{
6XEVHTXHQWO\ZHDFFRXQWIRUVSDWLDOKHWHURJHQHLW\LQWKHGLVWDQFHGHWHUUHQFHHIIHFWE\FDOLEUDWLQJDPRGHOZLWKUHJLRQVSHFLILFFRHIILFLHQWVIRU WKHGLVWDQFHYDULDEOH)RUUHDVRQVRIVSDFHZHGRQRWVKRZWKHUHJLRQDOFRHIILFLHQWVLQ7DEOHEXWZHSURYLGHDPDSRIWKHGLVWDQFHGHFD\HODVWLFLWLHVLQ)LJ ([FHSW IRU WKH FRHIILFLHQW RI WKH FHQWUDOLW\ LQGH[ZKLFK LV VOLJKWO\ ODUJHU LQ DEVROXWHYDOXHXQGHU WKH UHJLRQVSHFLILF GLVWDQFH GHWHUUHQFH UHJLPH WKH FRHIILFLHQWV GR QRW FKDQJH EHWZHHQ WKHXQLIRUP DQG WKH UHJLRQVSHFLILF GLVWDQFH GHWHUUHQFH YDULDQWV 7KH GLVWDQFH GHFD\ HODVWLFLW\ LV RQDYHUDJH ± IRU WKH &2523 UHJLRQVZLWK D VWDQGDUG GHYLDWLRQ RI  LQ 6SHFLILFDWLRQ ,,, DQGKHQFHVOLJKWO\KLJKHULQDEVROXWHYDOXHDVFRPSDUHGWRWKHXQLIRUPGLVWDQFHGHFD\HODVWLFLWLHVLQWKHEDVHOLQHVFHQDULRV)LJVKRZVWKDWWKHGLVWDQFHGHFD\HODVWLFLW\LVKLJKO\HODVWLFLQWKHPRUHUHPRWHDUHDVRIWKHFRXQWU\VSHFLILFDOO\LQWKHUXUDOSHQLQVXOD¶VRI=HHODQGLQWKH6RXWK:HVWDQGWKHUXUDODUHDV LQ WKH QRUWK RI 1RRUG+ROODQG DQG LQ )ULHVODQG2YHUDOO WKH UHJLRQDO GHPDQG IRU XQLYHUVLW\

HGXFDWLRQLVHODVWLFWKHGLVWDQFHGHFD\HODVWLFLW\LVJUHDWHUWKDQ±LQDEVROXWHYDOXHIRURXWRIUHJLRQV 7KH FHQWUDOHDVWHUQ SDUW RI WKH FRXQWU\ VKRZV LQHODVWLF GHPDQG IRU XQLYHUVLW\ HGXFDWLRQDFFRUGLQJWRGLVWDQFH7KUHHRXWRIILYHRIWKRVHHODVWLFLWLHVDUHQRWVLJQLILFDQWO\GLIIHUHQWIURP]HUR7KH DUHDV ZLWK LQHODVWLF GHPDQG DUH ODUJHO\ UHODWLYHO\ UHPRWH UXUDO DUHDV DOWKRXJK WKH\ FRPSULVHPHGLXPVL]HG FLWLHV VXFK DV (QVFKHGH 1LMPHJHQ DQG $UQKHP EXW PRVW OLNHO\ WKH DWWLWXGH RISURVSHFWLYHVWXGHQWVDQGWKHUHODWLYHO\JRRGWUDQVSRUWDWLRQFRQQHFWLRQWRWKH5DQGVWDGDUHDJRDORQJZD\ LQ H[SODLQLQJ WKLV SKHQRPHQRQ0RUHRYHU RI WKH WKUHH XQLYHUVLWLHV ORFDWHG LQ WKLV SDUW RI WKHFRXQWU\RQHLVDWHFKQLFDOXQLYHUVLW\DQGDQRWKHURQHLVWKHDJULFXOWXUDOXQLYHUVLW\ZKLFKPD\DOVRLQIOXHQFHWKHUHVXOWV
,QVWLWXWLRQDOSHUVSHFWLYH$SDUW IURP WKH SUHYDLOLQJ UHJLRQDO GLIIHUHQFHV GHVFULEHG LQ WKH SUHFHGLQJ VXEVHFWLRQ LQVWLWXWLRQDOGLIIHUHQFHVDUHWKHUHIRUHSRWHQWLDOO\RILQWHUHVWDVZHOO3DUWLFXODUO\WKHH[WHQWWRZKLFKDXQLYHUVLW\VHUYHV D QDWLRQDO RU D UHJLRQDO PDUNHW LV UHOHYDQW IRU VHYHUDO UHDVRQV )LUVW LW WLHV RQ WR WKHJHRJUDSKLFDOGHFHQWUDOLVDWLRQSROLF\RIKLJKHUHGXFDWLRQLQVWLWXWLRQVSURSHOOHGE\WKH'XWFKQDWLRQDOJRYHUQPHQWVHH)/25$;6HFRQGLWSURYLGHVWKHQHFHVVDU\VSDWLDOFRQWH[WIRUWKHHYDOXDWLRQRI SROLF\ PHDVXUHV JHDUHG WRZDUGV WKH IDFLOLWDWLRQ RI VWXGHQW WUDYHO IUHH WUDYHO SHUPLWV 7KLUGNQRZOHGJHDERXWWKHFDWFKPHQWDUHDLVUHOHYDQWWRXQLYHUVLW\DGPLQLVWUDWRUVIRUPDUNHWLQJSXUSRVHV
y 7DEOHDQG)LJDERXWKHUH{
7DEOH  WKHUHIRUH SURYLGHV WKH UHVXOWV IRU WKH SURGXFWLRQFRQVWUDLQHG JUDYLW\ PRGHO ZLWKXQLYHUVLW\VSHFLILF GLVWDQFH FRHIILFLHQWV IRU WKH WKUHH DOWHUQDWLYH VSHFLILFDWLRQV )RU HDVH RILQWHUSUHWDWLRQ )LJ  VKRZV WKH XQLYHUVLW\VSHFLILF GLVWDQFH GHFD\ FRHIILFLHQWV RI 6SHFLILFDWLRQ ,,,7KHPDLQLPSOLFDWLRQVRIWKHHVWLPDWLRQUHVXOWVUHPDLQXQDOWHUHGWKHVLJQDQGWKHPDJQLWXGHRIWKHFRHIILFLHQWVRIPRVWYDULDEOHVDUHE\DQGODUJHVLPLODUDOWKRXJKWKHDEVROXWHYDOXHRI WKHFHQWUDOLW\LQGH[LVVXEVWDQWLDOO\VPDOOHULQ6SHFLILFDWLRQ,,,7KHTXDOLW\LQGH[IRUWKHWHDFKLQJSURJUDPPHVLVDJDLQ QHJDWLYH DQG VLJQLILFDQW IRU WKH FRPSRVLWH LQGH[ RSHUDWLRQDOL]DWLRQ DQG QHJDWLYH EXWLQVLJQLILFDQW IRU WKH VWXGHQWWHDFKHU UDWLR RSHUDWLRQDOL]DWLRQ ,Q DGGLWLRQ WR WKH DERYHPHQWLRQHGUHDVRQV IRU WKLV UHVXOW RQHPD\ DOVR VSHFXODWH WKDW SURVSHFWLYH VWXGHQWV DUHPD\EHQRW VXIILFLHQWO\DZDUHRITXDOLW\GLIIHUHQFHVEHWZHHQWHDFKLQJSURJUDPPHV DQGRUWKHLUH[SHFWDWLRQRIWKHUHWXUQVWRVFKRROTXDOLW\PD\EHWKDWLWLVQHJOLJLEO\VPDOO7KHXQLYHUVLW\VSHFLILFGLVWDQFHGHFD\HODVWLFLW\RIWKHGHPDQGIRUILUVW\HDUXQLYHUVLW\HGXFDWLRQLVJUHDWHUWKDQRQHIRUPRVWXQLYHUVLWLHVLPSO\LQJWKDWJHQHUDOO\WKHGHPDQGLVHODVWLFDQGKHQFHPRVWXQLYHUVLWLHV KDYH D UHJLRQDOO\ GHPDUFDWHG FDWFKPHQW DUHD ,W LV UHPDUNDEOH WKDW WKH µUHJLRQDORULHQWDWLRQ¶ RI VPDOO LQVWLWXWLRQV VXFK DV 7LOEXUJ 8QLYHUVLW\ 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